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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a liquid crystal 
display device capable of displaying the picture of high 
quality by further dissolving phase differences 
corresponding to visual angles to be caused in a liquid 
crystal element and improving the lowering of the 
contrast ratio in the direction opposite to a visual angle, 
a coloring phenomenon and inversion phenomena in the 
left and right directions. 

SOLUTION: This liquid crystal display device 1 is 
constituted so that at least one sheet of phase 
difference plates 5a, 5b whose refractive index 
anisotropics are negative (na=nc>nb) and whose 
directions of main refractive indexes nb are inclined with 
respect to normals of surfaces and whose main 
refractive indexes nb are inclined in the clokwise 
direction or the counterclockwise direction around 
directions of main refractive indexes na or nc in the 
surfaces is interposed between a liquid crystal display 
element 4 to be constituted by sealing liquid crystal in 
between one pair of glass substrates 2, 3 and one pair of polarizers 6, 7 to be arranged on both 
sides of the liquid crystal display device 4. [n this case, the retardation of the liquid crystal layer 
is set in a range which is larger than 300nm and is smaller than 550nm. 
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* NOTICES * 

Japan Patent OfiBce is not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. 
So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



[Claim(s)] 

[Claim l] The liquid crystal display component 
constituted by enclosing a liquid crystal layer 
between the translucency substrates of a pair with 
which a transparent electrode layer and the 
orientation film were formed in the front face 
which counters, respectively, The polarizer of the 
pair arranged at the both sides of the 
above-mentioned liquid crystal display component 
is included. The three principal indices of 
refraction na of an index ellipsoid, nb and nc are 
the phase contrast plates which have relation 
called na=nc>nb, and one side of the principal 
indices of refraction na and nc is parallel to the 
front face of a phase contrast plate, and it centers 
upon the direction of the principal indices of 
refraction which make the parallel. By making a 
clockwise rotation or a counterclockwise rotation 
rotate the principal indices of refraction nb to the 
condition of having inchned from the condition 
parallel to the direction of a normal of the front 
face of a phase contrast plate The phase contrast 
plate with which the above-mentioned index 
elUpsoid inclined between the above-mentioned 
liquid crystal display component and the 
above-mentioned polarizer The liqviid crystal 
display characterized by being the range in which 
the value of product deltan d of refractive-index 
anisotropy deltan of a liquid crystal ingredient 
and thickness d of a liquid crystal layer in the 
above-mentioned liquid crystal layer enclosed 
with the above-mentioned liquid crystal display 
component is larger than SOOnm, and smaller 
than 550nm in the liquid crystal display which 
intervened at least one sheet. 

[Claim 2] The hquid crystal display according to 
claim 1 characterized by the range of the value of 
deltan d being 320 to 520nm. 

[Claim 3] In the above-mentioned phase contrast 
plate and polarizer which approached mutually 
[ in the above-mentioned phase contrast plate and 
translucency substrate which approached 
mutually, set up in parallel the inclination 
direction of the principal indices of refraction nb 
projected on this phase contrast plate front face, 
and the direction of rubbing by the side of this 
translucency substrate, and ] The liquid crystal 
display according to claim 1 or 2 characterized by 



making this at least one phase contrast plate 
intervene between a liquid crystal display 
component and a polarizer so that the inclination 
direction of the principal indices of refraction nb 
and the absorption shaft of this polarizer which 
were projected on the front face of this phase 
contrast plate may become parallel. 
[Claim 4] Make one sheet intervene at a time 
between a liquid crystal display component and 
the polarizer of a pair, respectively, and while 
approached mutually and the above-mentioned 
phase contrast plate is set to a phase contrast 
plate and a translucency substrate. In the phase 
contrast plate and translucency substrate of 
another side which set the direction of rubbing by 
the side of this translucency substrate, and the 
above-mentioned inclination direction of the 
principal indices of refraction nb of this phase 
contrast plate as the reverse sense, and 
approached mutually The liquid crystal display 
according to claim 3 characterized by setting the 
direction of rubbing by the side of this 
translucency substrate, and the above-mentioned 
inclination direction of the principal indices of 
refraction nb of this phase contrast plate as the 
same direction. 

[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] Especially this invention 
relates to the liquid crystal display which 
improves the viewing angle dependency of the 
display screen by combining a phase contrast 
plate with a hquid crystal display component 
about a liquid crystal display. 
[0002] 

[Description of the Prior Art] Before, the hquid 
crystal display using a pneiumatic liqtdd crystal 
display device is widely used for numerical 
segmental die hquid crystal displays, such as a 
clock and a calculator. In recently, it is used as 
displays including a word processor, a computer, 
and a navigation system. 

[0003] Generally, such a liquid crystal display has 
the substrate of translucency, and the electrode 
line etc. is formed in it in order to make a picture 
element turn on and off on this substrate. For 
example, in the active matrix liquid crystal 
display, active elements, such as a thin film 
transistor (TFT;ThinFilm Transistor), are formed 
on the above-mentioned substrate as a switching 
means for carrying out the selection drive of the 
picture element electrode which impresses an 
electrical potential difference to a liquid crystal 
layer. In the liquid crystal display which 
furthermore performs color display, red and. which 
green and blue color filter layer are prepared on 
the substrate. 
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[0004] The liquid crystal display using the above 
pneumatic liquid crystal display devices takes the 
structure where the liquid crystal display 
component constituted by enclosing a hquid 
crystal layer between the translucency substrates 
of a pair with which a transparent electrode layer 
and the orientation film were formed in the front 
face which counters, respectively, and the 
polarizing plate (polarizer) of the pair arranged at 
the both sides of the above-mentioned liquid 
crystal display component are prepared. 
[0005] The liquid crystal of the Twisted Nematic 
mold is used in the above-mentioned liquid crystal 
display. Rubbing of the orientation film of the 
translucency substrate of a pair is carried out in 
the direction which crosses mutually, and 
orientation of the liquid crystal molecule is carried 
out according to this direction of rubbing, and it is 
spirally twisted as it faces to the substrate of 
another side through the pars intermedia of a 
liquid crystal layer firom one substrate. 
[0006] As means of displaying of the 
above-mentioned liquid crystal display, the 
following two liquid crystal display methods are 
learned according to the twist angle of a 
pneumatic liqtdd crystal used. 
[0007] (a) Active drive mold Twisted Nematic to 
which 90- degree torsion orientation of the 
pneumatic hquid crystal molecule was carried out 
(Twisted Nematic) Following TN is called - the 
multiplexer drive mold super twisted nematic 
(Super TwistedNematic) which it could twist 
[ super twisted nematic ] by making the twist 
angle of the hquid crystal display (method b) 
pneumatic hquid crystal molecule into 90 degrees 
or more, and carried out orientation to them 
Following STN is called - it is thought that the (b) 
multiplexer drive mold STN liquid crystal display 
method of the hquid crystal display method latter 
has the leading method which arranges an optical 
compensating plate in order to perform 
monochrome display, since characteristic coloring 
exists. By the above-mentioned method, it is 
further divided roughly into two kinds of following 
methods according to an optical compensating 
plate. 

[0008] (b l) the double super twisted nematic 
(Double Super Twisted Nematic) hquid crystal 
display method (b-2) film addition mold hquid 
crystal display method of the bilayer mold using 
the liquid crystal cell which could twist on the 
liquid crystal cell for a display, and the twist 
square of hard flow, and carried out orientation -- 
if these 2 method is compared, the film addition 
mold liquid crystal display method of the 
viewpoint of lightweight nature and low cost to the 
latter is leading. 

[0009] On the other hand, about the former (a) 
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active drive mold TN liquid crystal display method, 
two modes of operation can be chosen by whether 
the polarization direction of a polarizing plate is 
mutually made perpendicular, or it is mutually 
made parallel. It is divided roughly into two kinds 
of following methods by the above-mentioned 
method by the mode of operation. 
[0010] (a-l) the normally white method which 
arranges the polarization direction of the 
polarizing plate of a pair in parallel with mutual, 
arranges the normally black method (a-2) 
polarization direction which indicates by black in 
the condition (OFF state) of not impressing an 
electrical potential difference to a hquid crystal 
layer so that it may intersect perpendicularly 
mutually, and displays white by the OFF state - if 
these 2 method is compared, the normally white 
method of the viewpoint of display contrast, 
color-reproduction nature, and the viewing-angle 
dependency of a display to the latter is leading. 
[OOll] By the way, in the above-mentioned TN 
hquid crystal display method, the contrast of a 
display image changes with the directions and 
include angles which a view ** person looks at for 
that refractive-index anisotropy deltan exists in 
the hquid crystal molecule, and the hquid crystal 
molecule incUning and carrying out orientation to 
a vertical substrate, and there is a problem that a 
viewing-angle dependency becomes large. 
[0012] Drawing 7 expresses typically the 
cross-section structure of TN liquid crystal display 
component 31. The electrical potential difference 
of a halftone display is impressed and this 
condition shows the case where the hquid crystal 
molecule 32 has started a httle. In the 
above-mentioned case, in this liquid crystal 
display component 31, the include angles at .which 
a substrate 33, the linearly polarized hght '35 
which passes through the direction of a normal of 
34 front faces, and the linearly polarized hghts 36 
and 37 passed with an inclination to the direction 
of a normal cross the liquid crystal molecule 32 
differ, respectively. Since refractive-index 
anisotropy deltan exists in a hquid crystal 
moleciole, if the linearly polarized hghts 35, 36, 
and 37 of each above-mentioned direction pass the 
liquid crystal molecule 32, forward Tsunemitsu 
and abnormality light will occxir, and it will be 
changed into eUiptically polarized hght in 
connection with such phase contrast, and this 
serves as a generation source of a viewing-angle 
dependency. 

[0013] Furthermore, inside an actual liquid 
crystal layer, the liquid crystal molecule 32 is in 
the condition that tilt angles differ near near the 
pars intermedia of a substrate 33 and a substrate 
34, the substrate 33, or the substrate 34, and 90 
degrees of liquid crystal molecules 32 can be 
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twisted centering on the direction of a normal. The 
linearly polarized lights 35, 36, and 37 which pass 
a liquid crystal layer by the above thing will 
receive various birefringence effectiveness with 
the direction and include angle, and will show a 
complicated viewing angle dependency. 
[0014] If a viewing angle is leaned in the direction 
of a stigmatism angle which is down [ of a screen ] 
and it specifically goes to it from a screen normal 
as the above-mentioned vie wing-angle dependency 
the phenomenon (henceforth a "coloring 
phenomenon") which a display image colors above 
a certain include angle, and the phenomenon 
(henceforth "reversal") which black and white 
reverse will occur. Moreover, if a viewing angle is 
leaned in the direction of a reverse-sight angle 
which is above [ of a screen ] and it goes to it, 
contrast will fall rapidly. 

[0015] Moreover, in the above-mentioned Uquid 
crystal display, there is also a problem that an 
angle of visibility becomes narrow as the display 
screen becomes large. If a big liquid crystal 
display screen is seen jBrom a transverse plane in a 
near distance, the colors displayed in the upper 
part and the lower part of a screen for the effect of 
a viewing-angle dependency may differ. This is 
because a chance [ of seeing the whole screen ] 
angle becomes large and becomes the same thing 
as seeing a liquid crystal display screen from the 
direction of slanting more. 

[0016] In order to improve such a vie wing-angle 
dependency, inserting the phase contrast plate 
(phase contrast film) as an optical element which 
has an optical anisotropy between a liquid crystal 
display component and one polarizing plate is 
proposed (for example, reference, such as 
JP, 55-000600, A and JP, 56-0973 18, A). 
[0017] By passing thie phase -contrast plate which 
made the light changed into elliptically polarized 
light from the linearly polarized light since the 
liquid crystal molecule which has a 
re jfractive -index anisotropy was passed placed 
between one side or the both sides of a Uquid 
crystal layer which have a refractive-index 
anisotropy, this approach compensates phase 
contrast change of forward Tsunemitsu and 
abnormality light produced in a viewing angle, 
reconverts it in the light of the linearly polarized 
light, and enables an improvement of a 
viewing-angle dependency. Therefore, by this 
approach, it is necessary to set up also about a 
property, not only a phase contrast plate but a 
liquid crystal layer, i.e., a hqmd crystal display 
component. 

[0018] Then, in order to improve a viewing-angle 
dependency more, the one direction of the 
principal indices of refraction of an index ellipsoid 
receives this using an parallel thing to the 



direction of a normal of the front face of the 
above-mentioned phase contrast plate as the 
above-mentioned phase contrast plate. What takes 
the configuration which has the value of 
retardation (retardation) deltan d which is the 
product of refractive -index anisotropy deltan of a 
liquid crystal ingredient and thickness d of liquid 
crystal as a liquid crystal display component in 
the range of 200 to 500nm is used. The liquid 
crystal display which makes the above-mentioned 
phase contrast plate intervene between this Uquid 
crystal display component and polarizing plate is 
proposed (JP,5-313159,A). 

[0019] This approach makes it possible it not only 
to set up the property of a phase contrast plate 
and a Uquid crystal display component, but to take 
the configuration set up so that the direction of 
rubbing of the orientation film which forms a 
liquid crystal display component, the direction of a 
lagging axis of a phase contrast plate, and the 
transparency shaft orientation of a polarizing 
plate may be parallel, respectively, and to improve 
a viewing- angle dependency further by this. 
[0020] Furthermore, the approach using that 
toward which the direction of the principal indices 
of refi-action of an index elUpsoid inclines to the 
direction of a normal of the firont face of a phase 
contrast plate as the above-mentioned phase 
contrast plate is also proposed (JP,6-75116,A). By 
this approach, two kinds of things as follows are 
used as a phase contrast plate. 
[0021] The direction of one of the minimum 
principal indices of refraction is parallel to a front 
face among the three principal indices of 
refi-action of an index elUpsoid. And one direction 
of remaining two principal indices of refiraction 
incUnes at an angle of theta to the front face of a 
phase contrast plate, the direction of another side 
incUnes at an angle of theta similarly to the 
direction of a normal of a phase contrast plate 
front face, and the value of this theta is the phase 
contrast plate which is filling 20 degrees <= 
theta<=70 degrees. 

[0022] The principal indices of refraction [ in / 
another does not have a refractive-index 
anisotropy into the firont face of a phase contrast 
plate, and / the direction of a surface normal of a 
phase contrast plate ] nb, and the principal indices 
of refiraction na parallel to the firont face of a phase 
contrast plate. It is that in which nc fills the 
relation of na=nc>nb, namely, has optically 
uniaxial [ negative ]. The principal indices of 
refiraction nb furthermore, by rotating a clockwise 
rotation or a counterclockwise rotation to the 
condition of having inclined from the condition 
paraUel to the direction of a normal of the front 
face of a phase contrast plate centering on the 
above-mentioned phase contrast plate front face 
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and one side of the principal indices of refraction 
na and nc which make parallel It is the phase 
contrast plate with which the above-mentioned 
index elhpsoid inclined. 

[0023] About two kinds of above-mentioned phase 
contrast plates, the former can use an optically 
uniaxial thing and an optically biaxial thing, 
respectively, moreover, the principal indices of 
refraction [ in / the latter not only uses one phase 
contrast plate, but sees these a set of two phase 
contrast plates, and / the direction of a normal of a 
phase contrast plate front face ] nb - what was set 
up so that each above-mentioned inclination 
direction might make the include angle of 90 
degrees mutually can be used. 

[0024] in the liquid crystal display constituted by 
making such at least one or more phase contrast 
plates intervene between a liquid crystal display 
component and a polarizing plate, the until 
improvement of the viewing angle dependency can 
be carried out to some extent. 
. [0025] 

[Problem(s) to be Solved by the Invention] 
However, between, the Hquid crystal display 
components and polarizers with which the value of 
retardation deltan-d of the liquid crystal layer 
shown by above-mentioned JP,5-313159,A was set 
as the range of 200 to 500nm By the approach the 
one direction of the principal indices of refraction 
of an index ellipsoid makes an parallel phase 
contrast plate intervene to the sxirface direction of 
a normal, although the viewing-angle dependency 
of the display screen is improvable to a certain 
specific direction, it cannot improve about an 
omnidirection but the problem that there is a 
limitation is produced. - 
[0026] Furthermore, by the approach using the 
phase contrast plate shown by aibove^menfioned 
JP,6-75116,A, as mentioned above, about the 
phase contrast plate, a setup of conditions is made 
so that an index elhpsoid may incline. On the 
other hand, about the hquid crystal display 
component, the hquid crystal display component 
in case the value of retardation deltan d of the 
liquid crystal display component whose thickness 
d of 0.08 and a liquid crystal layer refractive-index 
anisotropy deltan of a liquid crystal ingredient is 
4.5 micrometers, i.e., a liquid crystal layer, is 
360nm as an example is used. However, about the 
problem of whether this phase contrast plate 
should be made to intervene between what kind of 
liquid crystal display components and polarizing 
plates, reference is not made any more. 
[0027] It is necessary to set up by the approach of 
improving a viewing-angle dependency, also about 
the property of not only a phase contrast plate but 
a liquid crystal display component by making a 
phase contrast plate intervene between a liquid 
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crystal display component and a polarizing plate. 
Therefore, in the case of the above-mentioned 
approach, in order to compensate phase contrast 
change most effectively, it is not clear whether the 
above-mentioned phase contrast plate and the 
liquid crystal display component which has the 
value of deltan-d in what kind of range should be 
combined. Therefore, about improving the 
viewing angle dependency of a hquid crystal 
display using the above-mentioned phase contrast 
plate, the problem of being in a still inadequate 
condition is produced. 

[0028] The purpose of this invention is offering the 
liquid crystal display which intervened the 
above-mentioned phase contrast plate which can 
cancel contrast change produced depending on the 
viewing angle of a display image, reversal, and a 
coloring phenomenon, and can display the image 
of high quality in order to solve the problem 
mentioned above. 
[0029] 

[Means for Solving the Problem] In order that the 
hquid crystal display concerning invention of 
claim 1 may solve the above technical problem The 
liquid crystal display component constituted by 
enclosing a hquid crystal layer between the 
translucency substrates of a pair with which a 
transparent electrode layer and the orientation 
film were formed in the front face which counters, 
respectively, The polarizer of the pair arranged at 
the both sides of the above-mentioned hquid 
crystal display component is included. The three 
principal indices of refraction na of an index 
elhpsoid, nb and nc are the phase contrast plates 
which have relation called na=nc>nb, and one side 
of the principal inchces of refraction na and nc is 
parallel to the front face of a phase contrast plate, 
and it centers upon the direction- of the principal 
indices of refraction which make the parallel. The 
principal indices of refraction nb to the condition 
of having inclined from the condition parallel to 
the direction of a normal of the front face of a 
phase contrast plate A clockwise rotation, Or when 
at least one sheet intervenes the phase contrast 
plate with which the above-mentioned index 
elhpsoid inclined by making it rotate 
counterclockwise between the above-mentioned 
hquid crystal display component and the 
above-mentioned polarizer. The product of 
refractive -index anisotropy deltan of the hquid 
crystal ingredient in the above-mentioned liquid 
crystal layer enclosed with the above-mentioned 
hquid crystal display component and thickness d 
of a liquid crystal layer, i.e., the value of 
retardation deltan d of a liquid crystal layer, is 
characterized by considering as the larger range 
smaller than 550nm than 300nm. 
[0030] According to the above-mentioned 
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configuration, the liquid crystal layer in which the 
linearly polarized light has form birefringence is 
passed. When forward Tsunemitsu and 
abnormality hght occur and it is changed into 
elliptically polarized hght in connection with such 
phase contrast, If the phase contrast plate which 
made the minor axis of an index ellipsoid with 
which the principal indices of refiraction na, nb, 
and nc have a relation called na=nc>nb, and 
contain the principal indices of refraction nb 
inchne to the direction of a normal of the fi:ont face 
of a phase contrast plate is made to intervene 
between a liquid crystal layer and a polarizer 
Phase contrast change with forward Tsunemitsu 
and abnormality light which are produced 
according to a viewing angle is compensated with 
a phase contrast plate. However, when the value 
of retardation deltan d of a liqmd crystal layer is 
300nm or less or 550nm or more, the fall of 
reversal or a contrast ratio occurs depending on 
the viewing-angle direction. Then, since the phase 
contrast corresponding to the viewing angle 
produced for a liquid crystal display component by 
setting retardation deltan-d of a liquid crystal 
layer as the larger range smaller than 550nm 
than 300nm is cancelable, in a liqiiid crystal 
display image, contrast change produced 
depending on a viewing angle, the reversal of a 
longitudinal direction, and a coloring phenomenon 
are improvable. 

[0031] Furthermore, if the value of retardation 
deltan-d of a liquid crystal layer [ in / like / the 
above-mentioned liquid crystal display 
component ] according to claim 2 is set as the 
range of 320 to 520nm, since the phase contrast 
corresponding to the viewing angle produced for a 
liquid crystal display component can be canceled 
more effectively, the contrast change in a hquid 
crystal display image, the reversal of a 
longitudinal direction, and a coloring phenomenon 
are certainly improvable. 

[0032] Moreover, it sets like the liquid crystal 
display concerning invention of claim 3 to the 
above-mentioned phase contrast plate and 
translucency substrate which approached 
mutually in addition to the configuration of claims 
1 or 2. In the above-mentioned phase contrast 
plate and polarizer which approached mutually 
[ set up in parallel the inclination direction of the 
principal indices of refraction nb projected on this 
phase contrast plate front face, and the direction 
of rubbing by the side of this translucency 
substrate, and ] If it sets up so that the inclination 
direction of the principal indices of refraction nb 
and the absorption shaft of this polarizer which 
were projected on the firont face of this phase 
contrast plate may become parallel, and this at 
least one phase contrast plate is made to intervene 



between a liquid crystal display component and a 
polarizer, various kinds of phenomena 
accompanying dependence of a viewing angle are 
further improvable. 

[0033] Furthermore, like claim 4 publication, the 
above-mentioned liquid crystal display makes the 
one above-mentioned phase contrast plate 
intervene at a time between a Uquid crystal 
display component and the polarizer of a pair, 
respectively, and while approached mutually and 
it is set to a phase contrast plate and a 
translucency substrate. In the phase contrast 
plate and translucency substrate of another side 
which set the direction of rubbing by the side of 
this translucency substrate, and the 
above-mentioned inclination direction of the 
principal indices of refraction nb of this phase 
contrast plate as the reverse sense, and 
approached mutually If the direction of rubbing by 
the side of this translucency substrate and the 
above-mentioned inclination direction of the 
principal indices of refiraction nb of this phase 
contrast plate are set as the same direction 
Various kinds of phenomena accompanying 
dependence of a viewing angle can be improved 
most effectively. furthermore, the 

above-mentioned phase contrast plate and the 
above-mentioned polarizing plate of a pair which 
are countered and arranged focusing on a liquid 
crystal display component -- each firont flesh side 
-- since the same thing can be stuck to the 
above-mentioned liquid crystal display component 
on the same conditions, a production process can 
be facilitated and it can be made low cost. 
[0034] 

[Embodiment of the Invention] It will be as follows 
if the gestalt .of operation of this invention is 
explained based on drawing 1 thru/or drawiiig 3 ; 
Drawing 1 (a) is the decomposition perspective 
view showing the configuration of the hquid 
crystal display 1 concerning this invention. The 
above-mentioned liquid crystal display 1 has 
phase contrast plate 5a arranged at the one side of 
the liquid crystal display component 4 which 
comes to enclose the liquid crystal layer which 
consists of a pneumatic hquid crystal etc. among 
the glass substrates 2 and 3 of a pair, and this 
liquid crystal display component 4 and phase 
contrast plate 5b arranged at the other side, and 
the polarizing plates 6 and 7 of the pair which 
sandwiches this liquid crystal display component 
4 and these phase contrast plates 5a and 5b. 
However, as for the phase contxast plates 5a and 
5b, at least one side should just be arranged. 
[0035] the liquid crystal moleciile of a hquid 
crystal layer with which direction of rubbing 2a by 
the side of the glass substrate 2 which constitutes 
the liquid crystal display component 4, and 
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direction of rubbing 3a by the side of a glass 
substrate 3 intervene - about 90 degrees it is 
processed so that torsion orientation may be 
carried out, and it may intersect perpendicularly 
mutually. 

[0036] Moreover, it is arranged so that absorption 
shaft 6a of a polarizing plate 6 and absorption 
shaft 7a of a polarizing plate 7 may also intersect 
perpendicularly mutually. Therefore, if an 
electrical potential difference is not impressed to 
the liquid crystal display component 4, the hquid 
crystal display 1 is constituted so that it may 
become the so-called normally white means of 
displaying which penetrates light and performs a 
white display. 

[0037] If the phase contrast plates 5a or 5b 
approach either between a polarizing plate 6 and a 
polarizing plate 7 as mentioned above and 
intervene at least one sheet, the phase 
compensation of them will become possible, two or 
more phase contrast plates 5a and 5b intervene 
_ between a polarizing plate 6 or a polarizing plate 7, 
and the liquid crystal display component 4 - 
having • **** - further - between each of the 
liquid crystal display component 4 and polarizing 
plates 6 and 7 the phase contrast plates 5a or 5b 
- two or more sheets each - two or more sheets 
may intervene. 

[0038] Drawing 1 (b) is the perspective view 
showing phase contrast plate 5a concerning this 
invention. In addition, about phase contrast plate 
5b, since it is the same configuration as phase 
contrast plate 5a, explanation is omitted. If the 
three principal indices of refraction na, nb, and nc 
of an index ellipsoid define the rectangular 
coordinate- sy stem xy z which has the relation from 
which it serves as negative, the relation, i.e., 
refractive -indek anisotropy, of na=nc>nb, and 
makes the front face of phase contrast plate 5a a 
x y flat surface, as for phase contrast plate 5a, 
they incline at the include angle theta in the 
direction which the direction of the principal 
indices of refraction nb shows by the arrow head A 
in a x y flat surface to the direction z*axis of a 
normal of the front face of phase contrast plate 5a. 
It inclines at the include angle theta in the 
direction which shows the direction of the 
principal indices of refraction nc by the arrow 
head B in a x-y flat surface to the direction of a x 
axis parallel to a front face similarly. The 
inchnation of the above-mentioned principal 
indices of refraction nb is the arrow head nbl on a 
X axis if it projects on the front face of phase 
contrast plate 5a. It becomes a direction. The 
inchnation direction of the principal indices of 
refraction nb turns into the direction of an arrow 
head nb2 (shown in drawing 1 (a)) about the case 
of phase contrast plate 5b similarly. 



[0039] Therefore, if phase contrast plate 5a makes 
a clockwise rotation the sense shown by arrow 
heads A and B to the direction of the principal 
indices of refraction na It centers upon the 
direction of the principal indices of refraction na 
parallel to the front face of phase contrast plate 5a 
(the yaxis shows). At the same time it makes a 
clockwise rotation do include-angle theta rotation 
of the principal indices of refraction nb from a 
condition parallel to the direction z axis of a 
normal It is parallel to the front face of phase 
contrast plate 5a, and a clockwise rotation is made 
to do include angle theta rotation of the principal 
indices of refraction nc from a condition parallel to 
the perpendicular direction of a x axis to the yaxis, 
and it is constituted so that it may be in the 
condition that the index elhpsoid which the 
principal indices of refraction na, nb, and nc make 
as a result inclined. 

[0040] After the principal indices of refraction nc 
consider as a condition parallel to a x axis, the 
inclination of the above-mentioned index ellipsoid 
not only centers upon the direction of the principal 
indices of refraction na, but may be an inclination 
of the condition centering on the direction of the 
principal indices of refraction nc. 
[0041] Moreover, when it centers upon the 
direction of the principal indices of refraction na, 
the principal indices of refraction nb and nc may 
incUne in the direction not only of a clockwise 
rotation but a counterclockwise rotation. Even 
when it centers upon the direction of the principal 
indices of refraction nc, the principal indices of 
refraction na and nb may incline not only in a 
clockwise rotation but in a counterclockwise 
rotation- like the^ above. As a result, the index 
elhpsoid as .the whole phase contrast, plate 5a 
shoxdd just incline in the clockwise rotation or the 
counterclockwise rotation centering on one of the 
directions of the principal indices of refraction 
parallel to the surface x axis or the surface (x-y 
flat surface) y axis of phase contrast plate 5a. 
[0042] Furthermore, if theta is within the limits of 
15 degrees <= theta<=75 degrees whenever 
[ include-angle / toward which the 
above-mentioned principal indices of refraction nb 
inchne / theta i.e., tilt angle of above-mentioned 
index eUipsoid, ], the effectiveness which the 
phase contrast plate of this invention shows [ the 
direction of the inclination of the above-mentioned 
index elhpsoid ] irrespective of a clockwise 
rotation or a coimterclockwise rotation will be 
guaranteed. 

[0043] The above-mentioned phase contrast plates 
5a and 5b apply discotheque hquid crystal to 
transparent base materials (for example, triacetyl 
celMose (TAG) etc.), hybrid orientation can be 
carried out and discotheque liquid crystal can be 
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realized by inclination orientation or constructing 
a bridge. 

[0044] As a base material of the above-mentioned 
phase contrast plates 5a and 5b, generally, the 
triacetyl cellulose (TAG) used well has acquired 
high dependability to the polarizing plate, and is 
suitable for it. Other than this, the transparent 
and colorless organic high polymer film excellent 
in the resistance to environment and chemical 
resistance of a polycarbonate (PC), polyethylene 
terephthalate (PET), etc. is suitable then. 
[0045] The inclination direction nbl of the 
principal indices of refraction nb projected on the 
front face of these phase contrast plates 5a and 5b 
in the phase contrast plates 5a and 5b as shown in 
drawing 1 (a), and nb2 It is desirable to be set up 
in parallel with the above-mentioned, rubbing 
directions 2a and 3a of the liquid crystal display 
component 4 preferably [ being set up in parallel 
with the absorption shafts 6a and 7a of polarizing 
plates 6 and 7 ]. 

_ [0046] furthermore, phase contrast plate 5a - 
setting the above-mentioned inclination 

direction nbl of the principal indices of refi'action 
nb of this phase contrast plate 5a Are a direction 
parallel [ to absorption shaft 6a of a polarizing 
plate 6 ] and contrary to direction of rubbing 2a by 
the side of the glass substrate 2 which adjoined 
phase contrast plate 5a, and it sets to coincidence 
at phase contrast plate 5b. The above-mentioned 
inchnation direction nb2 of the principal indices of 
refiraction nb of this phase contrast plate 5b It is 
parallel to absorption shaft 7a of a polarizing plate 
7, and it is desirable that it is the same direction 
as direction of rubbing 3a by the side of the glass 

• ■ substrate S close to phase contrast plate 5b. 

[0047] Drawing 2 is the decomposition sectional 
view showing the configuration of a liquid crystal 
display 1. A liquid crystal display 1 arranges the 
phase contrast plates 5a and 5b on both sides of 
the liquid crystal display component 4, and takes 
the configuration further inserted with the 
polarizing plates 6 and 7 of a pair. With the 
above-mentioned configuration, both phase 
contrast plates 5a and 5b need to intervene, and 
you may be only one sheet of the phase contrast 
plates 5a or 5b. Moreover, with the 
above-mentioned configuration, two or more phase 
contrast plates 5a and 5b may intervene, 
respectively. 

[0048] To the front face of the glass substrates 2 
and 3 of a pair, further, the liquid crystal display 
component 4 forms the transparent electrode 
layers 8 and 9 which consist of ITO (indium 
stannic acid ghost) etc., and the orientation film 
10 and 11 which consists of polyimide, polyvinyl 
alcohol, etc. on it, and is constituted by enclosing 
the liquid crystal layer 13 which consists of a 



pneumatic Uquid crystal etc. by the closure 
member 12 which consists of resin among the 
glass substrates 2 and 3 of this pair. 
[0049] the liqmd crystal molecule with which each 
front face of the orientation film 10 and 11 was 
enclosed about 90 degrees rubbing processing 
is performed beforehand and the direction of 
rubbing of direction of rubbing 2a of 
above-mentioned drawing 1 (a) and the 
orientation film 11 corresponds [ the direction of 
rubbing of the orientation film 10 ] to direction of 
rubbing 3a of above-mentioned drawing 1 (a) so 
that torsion orientation may be carried out. 
[0050] Although drawing 3 is the typical top view 
of the liquid crystal display component 4, it Hes at 
right angles mutually, direction of rubbing 2a has 
the inclination of 45 degrees in the direction of a 
reverse-sight angle from the right of a screen, and, 
as for the above-mentioned direction of rubbing 2a, 
and direction of rubbing 3a, direction of rubbing 
3a has the inclination of 45 degrees in the 
direction of a stigmatism angle from the right of a 
screen. 

[0051] By taking the above configurations, the 
liquid crystal display of this invention can cancel 
contrast change produced depending on the 
viewing angle of a display image, a coloring 
phenomenon, and reversal, and can display the 
image of high quality. 
[0052] 

[Example] It will be as follows if the result of 
having measured the concrete example and its 
vie wing-angle dependency of the above-mentioned 
liquid crystal display 1 by this invention is 
explained based on drawing 4 thru/or drawing 6 . 
In addition, this invention is not limited by this. 
[0053] First, the measuring method of the 
viewinig-angle dependency of the above-mentioned 
liquid crystal display 1 is explained. Drawing 4 is 
the outline perspective view showing the system of 
measurement of the viewing- angle dependency of 
a Uquid crystal display 1. First, the field 26 where 
the liquid crystal display component 4 which 
constitutes a liquid crystal display 1, and a 
polarizing plate 6 contact is set as datum-level 
X-Y of a rectangular coordinate system XYZ. In 
addition, in this Fig., it omitted about the phase 
contrast plates 5a and 5b. 

[0054] Next, to the direction 27 of a normal of a 
field 26, it is the direction 28 of an include angle 
psi, and the photo detector 71 which has a fixed 
solid light-receiving angle in the location of 
predetermined distance from origin of coordinates 
is arranged, and incidence of the homogeneous 
Ught with a wavelength of 550nm is carried out 
from a polarizing plate 7 side. In addition, the 
output of a photo detector 71 is amplified by level 
predetermined with an amplifier 72, and is 
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recorded by the record means 73, such as wave 
memory and a recorder. The measurement 
directions are the three directions of above (the 
direction of a reverse-sight angle), the right, and 
the left. 

[0055] In the liquid crystal display 1 of drawing 2 , 
what set the value of retardation deltan d of the 
pneumatic liquid crystal ingredient used for the 
liquid crystal layer 13 as 320nm, 420nm, and 
520nm as a liquid crystal display component 4, 
respectively was used for this example. 
[0056] Moreover, discotheque liquid crystal is 
applied to transparent base materials (for 
example, triacetyl cellulose (TAG) etc.) as phase 
contrast plates 5a and 5b, Carry out hybrid 
orientation of the discotheque liquid crystal, and a 
bridge is constructed. As shown in drawing 1 (b), 
as the whole phase contrast plate Difference and 
phase contrast plate 5a of the principal indices of 
refraction nc and the principal indices of 
refraction nb, Thickness df of 5b Product (nc-na) 
_ xdf The 1st retardation value to mean is Onm, The 
difference of the principal indices of refraction nc 
and the principal indices of refraction nb, and 
thickness df of the phase contrast plates 5a and 5b 
Product (nc-nb) xdf The 2nd retardation value to 
mean is lOOnm. Furthermore, it leans so that the 
direction of the principal indices of refraction nb 
may become about 20 degrees in the direction 
shown by the arrow head A to the direction of a 
normal of the front face of the phase contrast 
plates 5a or 5b. The theta= 20-degree thing was 
used whenever [ what / is making the include 
angle of about 20 degrees in the direction which 
the direction of the principal indices of refraction 
nc shows by the arrow head B to a front face 
similarly /, i.e., tilt angle of index elUpsoid in 
phase contrast ]platesa l b I and 5b, ]. 
[0057] When it installs in the system of 
measurement which shows such a liquid crystal 
display 1 to drawing 4 and a photo detector 71 is 
fixed at the fixed include angle psi, the output 
level of the photo detector 71 to the applied 
voltage to the liquid crystal display component 4 is 
measured, and it is shown in drawing 5 by making 
the result into a permeability-liquid crystal 
appUed'voltage property. 

[0058] When the include angle of a photo detector 
71 is set as psi= 50 degrees, drawing 5 (a), (b), and 
(c) It is the result of performing measurement 
from above [ of drawing 3 1, the right, and the left, 
respectively. The curve L3 the curves L2, L5, and 
L8 the curves Ll, L4, and L7 shown with an 
alternate long and short dash line indicate 
retardation deltan d of the liquid crystal layer 13 
to be as 320nm and a continuous line indicate 
retardation deltan d to be with 420nm and a 
broken line, L6, and L9 set up retardation 
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deltan d with 520nm. 

[0059] The same liquid crystal display component 

4 as an example and the phase contrast plates 5a 
and 5b were used except having set the value of 
retardation deltan d of the liquid crystal layer 13 
of the liquid crystal display component 4 in the 
liquid crystal display 1 shown in drawing 2 as 
300nm and 550nm as an example of a comparison 
over an example, respectively. 

[0060] The above-mentioned Liquid crystal display 
1 was installed in the system of measurement of 
drawing 4 , and the output level of the photo 
detector 71 to the applied voltage to the Hquid 
crystal display component 4 when a photo detector 
71 is fixed at the fixed include angle psi by the 
same approach as an example 1 was measured. It 
is shown in drawing 6 by making the result into a 
permeability-liqmd crystal applied-voltage 
property. 

[0061] Drawing 6 (a), (b), and (c) are the results of 
performing measurement from above [ of drawing 

5 ], the right, and the left, respectively, when the 
include angle of a photo detector 71 is set as psi= 
50 degrees, and the curves Lll, L13, and L15 the 
curves LlO, L12, and L14 shown as a continuous 
line indicate retardation deltan-d of the liquid 
crystal layer 13 to be with 300nm and a broken 
line set retardation deltan-d of the liquid crystal 
layer 13 as 550nm. 

[0062] About each above-mentioned liquid crystal 
display 1, when an above (the direction of a 
reverse-sight angle) permeability liqiiid crystal 
applied-voltage property was compared, when Ll, 
L2, and L3 impressed the electrical potential 
difference, it was checked by drawing 5 (a) that 
permeability falls enough. On the other hand, in 
drawing 6 (a), even if. Lll impresses an electrical 
potential difference as compared with Ll, L2, and 
L3 of drawing 5 (a), permeability has not fully 
fallen. Moreover, when LlO impressed the 
electrical potential difference, once permeability 
feU, the reversal which goes up again was checked. 
[0063] Next, about each above-mentioned hquid 
crystal display 1, when a rightward 
permeability-liquid crystal applied-voltage 
property was compared, when L4, L5, and L6 
impressed the electrical potential difference, by ~ 
drawing 5 R> 5 (b), falling until permeability 
becomes about about zero was checked. Moreover, 
although it fell until permeability became about 
about zero like drawing 5 (b) when, as for L12, 
drawing 6 (b) also impressed the electrical 
potential difference, the above-mentioned reversal 
was checked about L13. 

[0064] Although it feU altogether about each 
above-mentioned liqmd crystal display 1 until 
permeability became about about zero when L14 
of L7, LB, L9, and drawing 6 (c) of drawing 5 (c) 
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impressed the electrical potential difference in the 
case of the left as well as the right, reversal was 
checked only for L15 of drawing 6 (c), 
[0065] Moreover, it inspected visually under the 
white hght, respectively about the liquid crystal 
display 1 using the Uquid crystal display 
component 4 which set the value of retardation 
deltan d of the liquid crystal layer 13 as 300nm, 
320nm, 420nm, 520nm, and 550nm. 
[0066] Even when a viewing angle was pushed 
down about what set the value of retardation 
deltan-d of the above-mentioned liquid crystal 
layer 13 as 320nm, 420nm, and 520run, coloring 
was not checked but was good image quality. 
[0067] however, the time of the electrical potential 
difference ON when a viewing angle is pushed 
down about what set the value of retardation 
deltan-d of the above-mentioned liquid crystal 
layer 13 as 300nm setting red coloring ■- 
moreover, about what set the value of retardation 
deltan-d of the above-mentioned liquid crystal 
layer 13 as 550nm, when a viewing angle was 
pushed down, orange coloring was checked from 
yellow at the time of an electrical potential 
difference OFF. 

[0068] as mentioned above, when the value of 
retardation deltan d of the liquid crystal layer 13 
shown by drawing 5 (a), (b), and (c) is set to 320nm, 
420nm, and 520nm in the example, and the 
electrical potential difference is impressed, it 
turns out that an angle of visibility expands 
permeability, and the display grace of the hquid 
crystal display 1 without a coloring phenomenon 
is boiling it markedly, and is improving since it 
falls enough and reversal is not seen, either. 
[0069] To it, in the example of a comparison shown 
by drawing 6 (a), (b), and (c), when the value of 
retardation deltah-d of the liquid crystal layer 13 
is set to 300nm or less or 550nm or more, it turns 
out that a viewing-angle dependency does not fully 
improve. 

[0070] Moreover, the result same also about what 
carried out inchnation orientation of the 
discotheque liquid crystal to the transparent base 
material as phase contrast plates 5a and 5b as the 
above was obtained. Furthermore, when the 
include angle theta toward which the index 
ellipsoid of the above-mentioned phase contrast 
plates 5a and 5b inclines was within the limits of 
15 degrees <= theta<=75 degrees, regardless of 
the condition of the orientation of the discotheque 
liquid crystal in the phase contrast plates 5a and 
5b, the permeability-liquid crystal applied-voltage 
property of the above-mentioned liquid crystal 
display 1 did not change fundamentally. 
[0071] as mentioned above, in order to improve the 
viewing-angle dependency of a liquid crystal 
display and to raise the grace In the liquid crystal 
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display which intervened at least one phase 
contrast plate between the liquid crystal display 
component and the polarizer The three principal 
indices of refraction na, nb, and nc of an index 
elUpsoid are the phase contrast plates which have 
relation called na=nc>nb, and one side of the 
principal indices of refraction na and nc is parallel 
to the front face of a phase contrast plate, and it 
centers upon the direction of the principal indices 
of refraction which make the parallel. By making 
a clockwise rotation or a counterclockwise rotation 
rotate the principal indices of refraction nb to the 
condition of having incLLned from the condition 
parallel to the direction of a normal of the front 
face of a phase contrast plate When the phase 
contrast plate with which the above-mentioned 
index ellipsoid inclined is used, things are 
understood [ that what is necessary is just to be 
within hmits with it ] still more preferably that 
what is necessary is just within the limits of 320 to 
520nm. [ the value of retardation deltan d of a 
liqmd crystal layer larger than 300nm, and ] 
[ smaller than 550nm ] 
[0072] 

[Effect of the Invention] The liquid crystal display 
concerning invention of claim 1 as mentioned 
above between a liquid crystal display component 
and a polarizer The three principal indices of 
refraction na, nb, and nc of an index ellipsoid are 
the phase contrast plates which have relation 
called na=nc>nb, and one side of the principal 
indices of refraction na and nc is parallel to the 
front face of a phase contrast plate, and it centers 
upon the direction of the principal indices of 
refraction which make the parallel. By making a 
clockwise rotation or a counterclockwise rotation 
rotate the principal indices of refraction nb to the 
condition of having incHned from the condition 
parallel to the direction of a normal of the front 
face of a phase contrast plate At least one phase 
contrast plate with which the above-mentioned 
index elhpsoid inclined is arranged. It is the 
configuration of carrying out the value of product 
retardation deltan d of refractive-index anisotrbpy 
deltan of a liquid crystal ingredient, and thickness 
d of a liquid crystal layer in the liquid crystal layer 
enclosed with the liquid crystal display component 
within larger limits smaller than 550nm than 
300nm. 

[0073] The liquid crystal display which can 
compensate more certainly phase contrast change 
of a liquid crystal display component, and contains 
such a phase contrast plate and a liquid crystal 
display component by this can prevent the fall of 
the contrast ratio of reversal or the direction of a 
reverse -sight angle, and a coloring phenomenon. 
[0074] so, since the contrast ratio in monochrome 
display is not influenced by a view ** person's 
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• viewing-angle direction, the above-mentioned 
configuration does the effectiveness that the 
quality of the display image of a liquid crystal 
display is markedly alike, and improves. 
[0075] The liquid crystal display concerning 
invention of claim 2 is a configuration which has 
the value of deltan-d in the range of 320 to 520am 
in the configuration of claim 1. 
[0076] Thereby, the phase contrast over the 
viewing angle produced for a liquid crystal display 
component can be canceled more certainly. 
[0077] In the phase contrast plate and 
translucency substrate with which the liquid 
crystal display concerning invention of claim 3 
approached mutually in addition to the 
configuration of claims 1 or 2 In the phase 
contrast plate and polarizer which approached 
mutually [ set up in parallel the direction of 
rubbing by the side of this translucency substrate, 
and the inclination direction of the principal 
indices of refraction nb projected on this phase 
- contrast plate front face, and ] It is the 
configuration of having made this at least one 
phase contrast plate intervening between a liquid 
crystal display component and a polarizer so that 
the inclination direction of the principal indices of 
refraction nb and the absorption shaft of this 
polarizer which were projected on the firont face of 
this phase contrast plate may become parallel. 
[0078] Furthermore, the Uquid crystal display 
concerning invention of claim 4 In addition to the 
configuration of claim 3, make one sheet intervene 
at a time between a hquid crystal display 
component and the polarizer of a pair, respectively, 
and while approached mutually and the 
• «: - above-mentioned phase contrast plate is set. to a 
phase contrast plate and a translucency substrate. 
It is the configuratiori of having set the direction of 
rubbing by the side of this translucency substrate, 
and the above-mentioned inclination direction of 
the principal indices of refraction nb of this phase 
contrast plate as the reverse sense, and having set 
the direction of rubbing by the side of this 
translucency substrate, and the above-mentioned 
inchnation direction of the principal indices of 
refraction nb of this phase contrast plate as the 
same direction in the phase contrast plate and 
translucency substrate of another side which 
approached mutually. 

[0079] By these, the phase contrast corresponding 
to the viewing angle produced for a liquid crystal 
display component can be canceled, and the fall of 
the contrast ratio of the direction of a 
reverse-sight angle in a hquid crystal display 
component, the reversal of a longitudinal direction, 
and a coloring phenomenon are improved more. 
[0080] so, the above-mentioned configuration does 
the effectiveness that the contrast ratio in 



monochrome display improves further, and the 
display grace of a liquid crystal display is 
markedly alike, and improves. 

[Brief Description of the Drawings] 
iDrawing ll The decomposition perspective view 
showing the configuration of the liquid crystal 
display whose (a) is one gestalt of operation of this 
invention, and (b) are the explanatory views 
showing the orientation relation of the principal 
indices of refraction of a phase contrast plate. 
(Drawing 2l It is the decomposition sectional view 
of the liquid crystal display shown in drawing 1 . 
[Drawing 3l It is the explanatory view showing the 
orientation relation of the direction of rubbing of 
the orientation film and the direction of a 
stigma tism angle in a hquid crystal display 
component, 

[Drawing 4l It is the outline perspective view 
showing the system of measurement of the 
viewing-angle dependency of a Uquid crystal 
display. 

[Drawing 5l (a), (b), and (c) are graphs which show 
the permeability-liquid crystal appUed-voltage 
property of the liquid crystal display in an 
example. 

[Drawing 6l (a), (b), and (c) are graphs which show 
the permeability-liquid crystal appUed-voltage 
property of the Hquid crystal display in the 
example of a comparison. 

[Drawing 7l It is the mimetic diagram showing the 

torsion orientation of the liquid crystal molecule in 

TN liquid crystal display component. 

[Description of Notations] 

1 Liquid Crystal Display 

2-3 Glass substrate . > . ; 

2aand3a The direction . of rubbing of a glass 

substrate . ; : 

4 Liquid Crystal Display Component 

5aand5b Phase contrast plate 

6-7 Polarizing plate (polarizer) 

6aand7a Absorption shaft of a polarizing plate 

8-9 Transparent electrode layer (ITO) 

10-11 Orientation film 

13 Liquid Crystal Layer 

na nb-nc The principal indices of refir action of a 
phase contrast plate 

nbl and nb2 The inclination direction of the 
principal indices of refraction nb of a phase 
contrast plate 
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^3 2n. stg3 3 tm^s 4 i:co*r«igpf^-ifits*£3 

^iE;S«5t3 5. 3 6. 3 7(i. ^E:CO;^r^^^SiC<t 9 
[0 0 14] ±^(Dmn»^i^t LT. Afls:6<j{cfi. U 

mi>'fxn<t. ^^^mi^^x-mTj^mmm^-r^^m 

(D±:^{^xh^^^'^:^^\:i^f^^mnxrr< t. 
inn V hj65^T-t-6o 

[0 0 15] ±^^<om^m7j^msxn. ^^iUffi 

t>^5o ±^^j:i^^^^mm^^\^^^mxAE^:fj\^f)^it> 
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[0 0 16] wCT^J: 5>im^»T^tt^efe#-r5fc^^)^;l. 

•r-5CirdSSIg$tLTl>'5 #PBS5 5-0 0 

0 6 0 O-^-^a. 4tMBg5 6-0 9 7 3 1 8*^ffi^# 

SB) , 

[0 0 17] r(o:^fefi. JB*f^S;^l4«r^t*'5«S5^ 

^iE^^tz.i±mm&^mm^^^zt{cx<:>x. 
±'r^iEn^tm'^^(o{mm^it^mmi.xmmu^ 

[0 0 18] -^cx*. cJ:l9m:^<S^¥tt*Qfi:ll-r'5fc86 

20 h(D^m\^\ ^ti\zMi.x. m^m^m^ t [^xm^^ 

"r — i^ 3 > (retardation) A n ■ d (D^H)^ 2 0 0 n m^> 

^^m^m7rimmfimm-^fhx\*^^ (#^q^5-3 i 3 
1 5 9 ^<i^m o 

[0 0 19] :L(o:hm\t^ m^&WL^ x,x:^m^Bmi7r^m^ 

[0 0 2 0] ±,u<D{mw^ti.xm^^m¥\ 
w<r>±m9i:^^\^tmnmm<Dmm<Dmmijm^n\^x 

¥6-7511 e^<d:m o :i(D:Hmx\^. m^mmt 

[0021] — ®Jff*tiRf*:(^) 3 o(7)±SJt^(^) 
40 19. ;!i^o^i9 2oco^f5*f^O— ;^(75;^f^;5iH4tS^tg(D 

"9. Ct7:>0 <7)fitj65 2 0" ^0^7 0** *MfcLTVN-5ffi 

[0 0 2 2 1 1 9— ofi. fi:4i^ffio^ffirt{cJS5f*s 

n b tm^m^(r>mm\^W'n^^±m^mn a . n c 

na = nc>nb cOgl^^Sr^^c-T. T^^i^^s Aco— W 
50 ¥tT^ne-r^@tfT^n aioctO^n c(D-:*$:*fti: LT. 
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[0 0 2 3] ±f^(D2mm(^itL^^m^-::>l^X. sfT^fi 

[0 0 2 4] z<DXo^^i^L^m^i:m^Bm7J^m'T'tm^ 

[0 0 2 5] 

5p5-3 1 3 1 5 B^^^mx-Tsk^tlti, ^^m(OV^y' 
— i/3 V'A n • dcOfi^5 2 0 0 nm;^i^^ 5 0 0 nm<D^ 

nfro 1 o(D±m^f^yfm^mm<omm:^m^Mi^xW' 
M \^xm7jkmm<DW.'^i^^i^^^m'r^ :i t nx^ 5 

[0 0 2 6] $ ±ISC0#^¥ 6-75116 ^-^^ 

-D^^xn.'mmmti.x^ m^Bum(Dmtffm^jji^^ n 

3 6 0 nm^^):|i'g'0^g^^:^^^^^V^Tl>5o 

^^'ft'^$'^tii-£j:\^^<D^^t\^^omm\zim\^xi^^ zti 
[0 0 2 7] itLmmi^i:m^mm7ikm^tm^mt(Dm\c 

t^m^^t>'\ttirfx\^^(Df)^nmi^^^xn^j:\^\ ^<Dtz 

[0 0 2 8] ;*:^p.^cog6<3*^. ^j^vfcr^m^m^-r^ 
its ^tem^. m^^^^mmi^m^u'^(Dm«t^m7r:i- 
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[0 0 2 9] 

M(^m^i^m^(om\zm^m^mA'r^:it{cx<:>xm 
m^tih-M(Dm^^ti:^^s asT*tSR«^o3o<75 

^©Jf^na, nb, nc^^na=nc>nb<^l^5B8 

l5®*f*«P3#:!6S^SM Lfd4^BMffi^^±IE^«fB«^^^=- 
^^bM<D]) ^"f—^^^l^ ' dCOM;^^ 3 0 0 nmJ: t) 

20 5 5 0 nmJ;t)/J^^^/^^SHi:i-'5Ci:^«F®<^ U 

[0 0 3 0] ±iS(7>fl}^{;ij:tLJ^> E^fi^^^s^SaJftt 

-Ox iffiSf^na. nb. nc;d5na=nc>nbtl/^ 

d COffiT^S 3 0 0 n mi^T^ /cifi 5 5 0 n mJ^icO^-g-. 

^^-r5o -^CT% ^SfsiifDy ^T^-v's >A n • d^ 
3 0 0 nmJ: < 5 5 0 n m J; t) /h^ 

mBm^mm-r^zti)-x^^fz^. ^^BrnTf^mm^^ 

[0 0 3 1] ^h\z. W*3S2JcfB«oJ:5(::. ±fE*K 

40 S^:^^^lC:Jd*t5?^S/i<^ y ^7=^— v'B > A n • d 
ffi^3 2 0 nm;ii^'b5 2 0 nm(^)SiSH(::^S-r^<ir. ?S 

[0 0 3 2] i^ti. m:^ms<^^m\c^^^^^Bm^^mm. 
(Dx^\c^ m:^^i^tzn2com^\cm^x. 
^\^fz±td.im^^tm^^m&t\c^\^^x. m&^m 

50 &m<Oy\^>^:^\^t%:^\z.Wtmi.. ^-o5H/>(cSi5 
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[0 0 3 31 ^^{c. ±.^<om^Bm^mw\t,. m^^A 
m^:^\^}i^m\^^\^WL'&\^. Miliar 

[0 0 3 4] 

?:^^/^LI^3^wS-5v^xI^^§^i^i^tf. «Ti^ii>) Xfc'6« 

:^mWL2. Z(Dm\^^ y^m^f^}£t^htj:^m 
SS^S'AUX>fc€>*RS^7T^5g^4i:. 

*LXV^-5o titiX.. {mmWib a. 5 bf±d^/.C< ^ t 

-*^/5>5gae ^ ttX 1/ >;h.f'f J: V \ 

[0 0 3 5] m,^nm^m^A^mf&Th^y:^mwL2m\ 

(D=7\f:y^f:f5\^2 a i::3tf^;^^SJK3^(D^ tr>'^*^rS]3 

iB[^-r^J:5{-. Sv>ic[i:3^^^J:5^a$ttXi/^'5o 

[0 0 3 6] ^fz.. {i3tetg6<7)KlRtt6 a ^ffl5fe«7(7) 
55H5i$4 7 a tJS^.^^c^E^-r^J: ^IdiHm^^Xi^^o L 
/c7!j5oX. ?^f0^^^^4(cmffi^fn;!lDU/^tttbf'f. ?s 
S^^^S® lfi>fe^Si©LXefe^^^fT9. l.>*::>^'5 

[0 0 3 7] {i+lMSS a */c:fl5 b (i, ±ai(^)<J: ^IC 
ffi3fe«6 i:ffl3tffi7 ^<^)ra<75i/^-rix;5M::iaSUXd^/j^< 
<i:'b i«:^SELXv>ttf^{4*gffita^5^|g<h/.^t). 
6^fcfifi^S7 i:fKf0^.T^m^4 (hcorBlt^ffiffiMtSS 
aioJlTJ^S b;55 2fti^±^^E$nXl^Xt^1^:bT. ^ ib 
|C?^^B^;^^^=- 4 ir'^S^fetS 6.7^ (^^tt-^-ttorBltCffi 

ffiMtKS a^fcfis b;Js#2t^ci!^Jl(01SIStft::/^^^?^^x 
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\*^xi^mt>t^\i\ 

[0 0 3 8] nil (b) (1. *^§^IC#e^4^@Stg5 a 

^^-t-#4miaxfc6o ^c^*5. ai«Mffi5 b^cov^x^i. 

^fi5afi. ffi5f^*SR«s:<^30(7)±SSf4in a. n 
bs nc;65na=nc>nb COM®, 'f'^^f:>^. ®St¥ 

b (7:)::^f«);6M4ffiMffi 5 a (Dmm<D^mt:^\^ z ttir^ 
10 ux X - y ¥Mi^x-^fP AX^-r;^r^t;i:ftS 0 x«#4L. 

::^f^i::^ux X - y ^m\^ximBX7j<-r:^\^\^^^ e 

Xim^ LX V^>5o -hia^^Jfr^n b cDM#4fm*e^tS 5 
a(D^SlcS^i-ei: x#Jit:::JbMt^^Hln bi (d:^\^ 
tt^^o l^«{-fflti^«5 b(^4&^fcov>Xt±SSf# 
n bco{t|#4:^rpj*i^R]n b2 (01 (a) Jii^f) 

[0 0 3 9] Ufc^5oX. ffifflMt£5at:i. :^B1A. B 

X^-r[^#^±®ST^n a (;)*^f^(C^LX^ft*t>fr5 
20 i-ttf^. m^m^^ a ^7^^®^^5^z^yx-fe^3£®^fr^n a 

5^I^Nrl^:. ±JS*r*n c ^m^m.WL^ a (7)*M^;l¥^T 

X y tti-c^ bx^ia/c^ X h ^tt s 

^na. nb. n c j|51ff^Rf*:;6SM^ Lfd*^^ 

^^c^'5J:5i-«^^i^X^/^6o 

[0040] ±fE(^H*T*tSR»<7)^^Ji. ±Ja$f*n 

aCD:^ffi]<^»Si:-r6/cttX/^<. ^JStlf^n c;5^ x$aiC 

*^^cD{l#4Xfeo X^ 
[0 0 4 1] ^Slff^n a<0;&fp]^-tti: UJ^S 

^Stff^n b:JoJ:t>*n cfi. ^ft^ t> 19 /cJtX/.^ < 
^^fi-^fc^l9<^;^f^iC'f^#4LXt>J:V\ ^SSr^ncCO 
;^f6]^«*i:U/5:»^Xt)±fa^l^1*{-. ±JB*f^na4b^ 
XUnh\^^ ^tf^ ^ /^c XV^ < ^^th^ :h> ^9 \^mA 
LXtJ:V\ Jg*6^{-s fi*SMffi5 a^^js:^: LXcoSlff 
^ffiRf*::dK 5 a (T^^M (x-y^Pffi) Oxtt 

^yb«yW{C5ptT>i±®jT*;^fR)<75-o^ttt UX. ^ 

[0 0 4 2] ±.^^(D±mm^nhtmPt\^x\^^ 

15° ^0^7 5° (DSiHP^dfetb*^. ±f5®5f4^fflR 

[0 0 4 3] ±fSffi^llffi 5a. 5 b mm^J:X1^f^ 
m^it. h y T-t^yHr/Un-;^ (TAG) ^) {ilx 

50 't^Z.tlS^X^^. 
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[0 0 44] JiiB^a^g^tS 5 a . 5 b (DXf^i$:t 

(TAG) ?&5ig(/Mtm't4<l:#rib^'9igLTl>'5o ^ 
;h.JeJL^T-(i. TKy ;<7-/}?^- h (PC) . ^Kyaif^uv 
7^1^:7,$^ u-h (PET) /.^«?fc7:>I^Sit14'^W^p°ptt(c 

[0 0 4 51 ^4*@MtS5 a. 5 biC:iolNTs mi (a) 

tc^-r J: 5 1;:> l^^iffi^tKS a . 5 b <7)«®t;iSJ^u^ 

^SJ^r^ n b (7)M#4*-r^ n b 1 . nb2 ^i3fetg6. 
7(^B5ljXffi6 a. 7 a i:5pfTl;i^^^tt^r L 
<. ^^^c. ?«S^:^^^4 0±|5^fc'Vi/:^lp]2 a. 3 

[0 0 4 6] ^ ttti^tSS a {r:Jol>T. mtm^ 

tg 5 a (O^JSJ^f^n b 0±fSM#4;^rS] n b 1 fi. fi^tS 
6 (DKlRtt 6 a ^ ^T-fo >9 . ^^O^S+BMS 5 a t^:»S? 

t). lRl^i;i'f5i:+eM>K5 b^cjo^/^T. Kte+§M«5b(?5± 

HSf^ n b CO±l5M#l-:&fP3 n b 2 ^^ffi^ffi 7 COKKfS 7 

a^^ffTfct). ;i)^o^i+e^tS5 b difig^Ufc;^^;^^ 

[0 0 4 7] m2a. m^BmTjkmm: i (Ditjs^^-r^S'^ 

ffiatC&tSMtSS a:JoJ:0^5 b ^gagU. $ ^ 

3tS6. 7^cJ:or^i$^i^TV^6«lJ*^i:5c ±fE«l 

mn^£<. {i^M*g5 a ^/b(i5 bCO l*$C(7)^T*fcoT 
tJ:l/\ i^tl. Jil2«^T*Ji. {440^*5 5 a *5 J: 5 b 

[0 0 4 8] iF^^B^^#^4f^. —M<D^^7^m^2^ 

3(Dmm\cM^x^ I TO (-r ^'v^e^i^^g&'ftii^) /^^^ 
h\ Tj^y t'-/i-r/i-=i— /u?:^<if75^^/^6gsf^flii 0. 1 

[00 4 9] m{^m 10.11 (D^mm^^. i^A^nfc 
yj\^^*-±mmi (a) (^^fc'^i/:^f^2 a . saf^Mii 

(D^ fc:*Vi/;^[^;6^_LfS[gl 1 (a) (Dy 3 a 

[0 0 5 0] EI 3 iti^^BrnTT^m^ 4 (D^T^^^ji^^^mx 

h^^K ±fE^ t'>i/;^f^2 a <i:7t:'>'iJ^:^f^3 a ^Jl 
i:iMCii:3^UTi5!9> 7t:*:x>/:^r6]2 a(iiljfii(7>*J^f6) 
;6-b^m:ft*[^(c4 5° ^t'v>^:^f5]3 
afi®®cO*:^f6);&^^iEm^l;^f6]{-4 5" 0{S#4ri$o 

[0 0 5 1 ] ;*:^P.^Oif^^a^^^gJi. JL^±<75 J; 5 ^J^M 
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[0 0 5 2] 

}6M^^<^^^^^S#'ttS:aO^Ufc:i^$*^co^,^-C04;fcl^ 

[00 5 3] ±mm^m7r:m& i <o««fe^Ftt 

g^Mf 5 ® 2 6 <^ a 3^J^^^ XYZ<7)S2PMX-Y ICS 

^-r5o ^j:^. :^mxn. m^mwLSa. 5b(jiovNT 

[0 0 5 4] m2 6(D&m:^\^2 7\^M\^Xf^m 

ii^tS7'(ia;e)^ib&S5 5 0 nmO^m&^^rA^-r 

::^rRj) . *:^fR]. ^:^f^<o3:^iP3X-$>So 

[00 5 5] *^JSMf^. El 2 O?Kf0^^i^e 1 (r:^oV^ 

T. m^BmTf^m^ 4 1 \^x s jk^jii 3^c^v^^c^-vx 

tl/x 3 2 0 nm. 4 2 0 nm^ 5 2 0 n m{3:S^ Ufct 

[00 5 6] ^fd. ffi+e^ffiS a, 5 b <Jr LT. 

h y T-fe-f^/Hr/UP-;^ (TAG) 

^m^B^y^-C:/}) y Y^^^^X^mi\^f^%(r:>X^^ 
X. m\ (b) {n^-rJ:5W4+S^-S^frirLX±J®»f 
c ^^®5r^n b ^CD^ioJ:t>*&fflMtS5 a. 5 b 
COiS^df ^c^S (nc-na) Xdf ^It^fe-^^^l 
<7)y ^"Z^— VM;65 0 nm"C$>o-C. ^®Sr^n c t 
^JStff^n b <J:(7)M:^^J:U^+S^tS5 a . 5bC0j?$d 
f ^<75S (nc-nb) Xdf ^«*-r5^2CDy 
— i/3>1li[;&5i 0 0ninT-*>9. ^®Sr^n b 

40 Lr^fnAT'7r:i-;^f^«^2 O** J: ^^cffi^/^r^3 

^-r*r&3tc^^2 0° <^^fiSr/jrUTi^5 tcOx W^. {Sc 

2 0° (Ot<^^.^l/^7ta 

[0 0 5 7] re^ct 5?^^^Ks«^3^lel ^i§i4tc7i^t-a'j 
^7 icoa;>ju-</u^aij^u. ^(D^^^^mmm-i&rB 

50 [00 5 8] EI5 (a) (b) (c)fi. 5^*^71 
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(^y ^^-*>3 >A n • dS:3 2 0 nnis USST-^-Tft 
L5. L 8 ^'T^— v^g n : d ^4 2 0 
nm. 5Sj^T*^i*^ftj^L 3. L6. L 9 U ^ y^— g 
V'An • d^520 n m i:^^ Lfc t ^0T$>-5p 

[0 0 5 9] mmm^^M-r^itmmt ur. 0 2 (c^-r 

y ^T^— v-H > A n • d(7Dffi^^;ft-t*tt. 3 0 0 nm. 

5 5 0 nm\zw^^ \^r:L^m^mmmt!^m<Dm^m7f:m 

[0 0 6 0] ±isoffi^B^^se 1 ^121 4 (DBi^m^^ 
m UT. mmm 1 <b i^<t(?5;^ffix*s^^^ 7 1 ^^-^<d 

[0061]l§|6(a) (b) (c) 53t«^7 1 

l^«9T-7i^^ftSlL 1 0. LI 2. L14{1?SSB1 
30y ^X — '>3 ^-A n • d^3 0 0 nm. m^Xm-t 
ftj^Lll. LI 3. L 1 Sfi^g^ill 30y ^-T^— 

[0 0 6 2] Ai^iD^m^nmTf^mm. 1 ^;lo^/^T. ±:;^f6) 

^•a^. 13 5 (a) T^fi. n. L2. L 3 <t t>miE^fn 

tblC^UTEIe (a) TJi. Lllfi. mS (a) <^L 
1 . L 2 . L 3 b \WL LX, m&^WM t 

[0 0 6 3] iSklC. ±ISco€-*«^S:^3^® 1 |;lo^/^x. 

5 (b) T-fi. L4. L5. L 6 <>: t>Sffi^^)!lD LTl^ 
< <!:Sia^fiiaJ^Oifi< lc/^^^T*i£TLXi^'5wi:;55 
?t^$^^yt„ (b) L 1 2fimiEE^fn;!JDL 

ri><^. Iil5 (b) <i:P1^twSig^?;iM5J^ Oi5< ivl/jr 
6^T*{£T-r5;e>K L 1 3t;lo^/^Tfi±fE(^^tem*^5 

[0 0 6 4] ±f5«75#^Ka*^3SBi(coi>T> :fe:^ra] 

0#-g'T-t*:^f^fpl^l-. 1215 (c) (DL7. L8. L 
9*3J:T^|2I6 (c) OL 1 4fimJE^S];(JDLTl>< <!:. 
i-'<TSia*ll»5f^05fi<t;i/^$*-eig:T-r'5;!i^ 1216 

(c) (DL\ s<D^. Km.^mmm^^ixt:L^ 

[0 0 6 5] 1 3fOy ^x-'>3 VA n • 

d OM^Tx 3 0 0 nms 3 2 0 nm. 4 2 0 nm. 5 2 
Onm. 5 5 0 nmlc:lS^L^C?^rB:^^^^4^ffil^^C 
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[0 0 6 6] ±.^m^Bmi 3coy ^'T'-v-s ^^An • d 
(D^^^ 320nin. 420nm. 5 2 0 nm{CS:^L 

[0 0 6 7] ±fa?gSjll 3<Dy ^7=^~-'>3 

:/An • d (^lil^ 3 0 0 nm^;l^^L/clt^D{CO^/^X 
m:ft^:#JLfc^i^^^:mEEON(D^fc*5^/^x#fe<7)SF 
^/Cs ±fS^gS^l 3(Dy ^t^-'^h VAn • d 
10 <7)1ii:^5 5 0 nmlC^^Lfct<^tCoiNXJi. 

Lfcii&^liimJEOFFiD^tCjol/^Xllfe;!!^!^^^^^^^!/^^ 

[0 0 6 8] ^ffi^yXli. 13 5 (a) 

(b) (c) X^LfcjgfaJil 3coy ^$^7^-v^3:/An 
• dco^i:^. 3 2 0 nm. 4 2 0 nm. 5 2 0 nm<!: U 

<^ i/ ^?s^^^i^e 1 (o^TT^^n^t^i^mc r6] ± u X 1/ > -5 

20 [0 0 6 9] ^th\cMVX. 06 (a) (b) (c)X 

d (DfiS^ 3 0 0 n mSJlTx *fcfi 5 5 0 n mJ^jL±^ L^h 

[0 0 7 0] %ti. \tmm.WL^ a. 5 b <i: LX. ^mti: 

o^.^x^±f2<^l^m^7)^;^;^l^#^^^fco iilEffi 
ffi^tS5 a . 5 b (7)fflJff^tgn«S(D{gf4i-6^^e fi. 
15" ^0^75" (75®Hf^X$>^Xff. {4*i^«5 a . 

[ 0 0 7 1 ] i^A± J; V «SS^3^Bt^»^6^#«^eS: 

S*^i^B«-*3»/^X. jatFf^Rfls:<7)3ocO±@Sf^n 
a. nb. r\ c i)^ n SL = n c > n h 0 ^#>^^"t'6 
ffi*ili«X^oX> ^ffiSf^n a43<tU?n cCO— 

y ^-r — v^a >A n • d (7)<il[;{>*^ 3 0 0 nmJ; ^i^^ < 5 

5 0ninJ:f9/J^$l>S5HrttC$>tt*^S<. 

<fi. 3 2 0 nm;!)^P> 5 2 0 nm<75jeHrtX-*>ixf^cl:i> 

[0 0 7 2] 

50 tiRf*:(75 3ocO^JSSr^n a . nb. nc;55na=nc 



(8) 



13 



n a J: t>* n c (D-:}jm^nmi5.(Dmm\:i^rrX-h ^ . 

^ d <D^V ^x — A n • d coffin 3 0 0 n m J: "9 

< 5 5 0 nmct '9/h$l>«5Hl^lC-re^V>5«^-C 10 

[0 0 7 3] :iti\:ix ^ . m^Bm7ikm^(DiiLnmmt^ 

[0 0 7 4] ^tlf^^. ±iSlt^#is eii^:^lJ:jb^it6 

6«hv^5^:^^^-r-5o 20 

[0 0 7 5] tS*:S2 cD«0^tc#.-5?KS^:a^i^gf:i. m 
5 2 0 nmO|BH(-fc5«^T'fc6o 

[0 0 7 6] :itii^zxo. m^am:^m'i^i:^±c^m.'^\z 
[0 0 7 7] m^^ms (D^B^^zm^m^mmTrmmn. m 

^ ^¥fr(^^^U 7i)^oSu>(:-.fig^ Ufc{it@^^<t 30 

[0 0 7 8] n^m4(D^m:L^^m^m7r:m 
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i5:m\^tc{\j^:^(7:>i^cmm^tmyt^mm^^\^^x. mmyt 
[0 0 7 9] :zti^\zx^^ m^m7r:m^\^±c^^^ 

[0 0 8 0] ^n^:^. ±fSl#^*i. e^a^(::ib^tt6 

7jkmm<Dm^^7j^'r^mm^m. (b) ti. {^L^mi^(o 
im2] mi\^^-rm^m7r^mm(D^mmmxh^. 

[El 5] (a) (b) (c) i^mmm\^^n^i&^Bm7sk 

ime] (a) (b) (c) i^it^m\c:jrsn^m^Bm7r 
mm<Dmmm-m^smumj^^^^^'r^'7^x^^o 

1 m^m^jk^m 

2-3 ;^f7;^Ste 

2 a • 3 a 0tr^ ;^^tgc7)^ t:'.V^^:^[6) 
4 

5 a • 5 b- • IK+BHtS • .i • - • 

6 • 7 {iT^te (^TfeT-) 
6 a • 7 a ^^tfecDBSHXtt 

8 • 9 S»>^mSS (I TO) 

10-11 m[^m 
1 3 m^^m 

n a • n b • n c ffiffiMtR^^^ffiSf^ 

n b 1 • n b 2 &mmm(0±mifi^n b (Z)^^:^r6] 
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